Abstract. Changes in body mass of breeding Northern Wheatears, Oenanthe oenanthe, on the island of Oland, south Sweden, were monitored during 1985-1987 in the context of a food provisioning experiment. Individuals were weighed periodically by attracting them to feeders which were placed on electronic digital balances. Rations of 7 g of mealworms per visiting individual were offered daily on certain territories (in 1987, some individuals were offered rations of 4.5 and 9 g). Unprovisioned birds were captured and weighed during the study. Males maintained constant body masses throughout the season. Females increased in mass up to laying, maintained relatively large masses during incubation, and dropped in mass by 14% during the first week after the young hatched. Mass then attained constant levels until the time ofoffspring independence. There was a positive correlation between brood size and the masses of unprovisioned females during the late nestling phase. Extra food had a positive effect on the general mass level of females but not of males. However, provisioning had no significant effect on the masses of females feeding thermoregulating nestlings, indicating that reproductive stress is not important in determining posthatching mass losses. All females lost mass after hatching, and the heaviest lost proportionally more. Extra food was delivered almost exclusively to the chicks a few days after hatching. Females apparently maintain reserves during incubation and transfer them to the young after hatching by a voluntary shift in the allocation of collected food. Males do not store reserves and have therefore no scope for significant mass changes.
INTRODUCTION
Changes in body mass of breeding birds have frequently been cited as evidence of reproductive stress, body mass being traditionally used as an index of general condition in life history studies of birds (Hussell 1972 , De Steven 1980 , Nur 1984 . However, caution has been recommended in the interpretation of mass fluctuations, because among other things changes in reproductive organs and tissues may be responsible for the mass changes (Ricklefs 1974, Ricklefs and Hussell 1984) . The view that body mass decreases must be due to a failure to maintain energy balance during certain reproductive phases has also been challenged by authors who consider these changes as adaptations to changing needs and selective pressures during reproduction. Thus Perches (1 m) with plastic cups at the top were placed in different territories at the beginning of the season. Different amounts of mealworms (larvae of Tenebrio molitor) were offered in these cups, depending on if one or both mates visited the feeders (Table 1) . In 1987, I varied the amount of food offered to different pairs to look at its effects on body mass (Table 1) . The territories on which perches were placed were selected randomly, and perches were removed a few days after placement if, as happened in half of the cases, no wheatear started to visit them. A few ing perches were always placed in the cover of some dense juniper, in order to shelter the perch balance from the effects of wind. The birds visiting the cups usually remained for long enough on the perch for the digital display to stabilize. In some cases, no weights could be obtained due to birds moving on the perch or strong winds. Readings were made from 10-20 m with a telescope of 25 x magnification. Figure 1 presents some examples of the data sets obtained with the perch balance. In 1985 feeding and perch weighing were discontinued after hatching. To standardize mass data with respect to body size, I have divided mass by tarsus length in all further analyses (e.g., Jones 1987) as wing length depends on the nutritional condition during the last molt (Pehrsson 1987 ) and on the degree of wear of the primaries. Not all provisioned birds were captured and measured, which explains the discrepancy in sample sizes of masses and size-corrected masses. Most weighings (60%, n = 600) were concentrated to the middle third of the daylight period (10:00-l 6:00), making it difficult to detect any effects of time of day.
Assuming that the assimilation efficiency of mealworms is 0.65 (Kacelnik 1984 (Moreno 1989 ). The food supplements thus constitute a substantial contribution to the energy requirements of breeding wheatears. It was impossible to measure the proportions taken by male and female respectively when both members of the pair learned to use the feeders. Therefore I have assumed that the mates took equal amounts of food as no significant interference was observed at the perches.
Weather data were available from the nearest meteorological station (Ottenby) which was 40 km from the study area. The following variables were derived from the meteorological information and used in statistical analysis: the mean, maximum, and minimum temperatures for the date of the observation, the precipitation (mm) of the previous day, the sum of the precipitation of the two previous days, the mean wind speed (m/set) measured the previous day, and the wind speed measured at the time of the observation. The temperature, at the specific time when the bird was weighed, was measured in the study plot. Mean values for each individual and breeding phase will be considered as independent observations in all ANOVAs, in order to avoid pseudoreplication. Data which did not fulfill the prerequisites for parametric statistics have been transformed. Finally for provisioned females during N, there was again a negative effect of date independent of nestling age (F = 9.31, P < 0.01, n = 28).
RESULTS

MASS CHANGES WITH SEASON IN RELATION TO SEX
SOURCES OF CONTINUOUS VARIATION
THE EFFECTS OF SUPPLEMENTARY FOOD
The different food rations offered during 1987 (Table 1) had no significant effect on male or female masses (F = 0.40, P > 0.50, n = 30 and F = 0.48, P > 0.50, n = 3 1 respectively), so birds receiving supplementary rations will be pooled in further analyses. The effect of supplementary food was tested by subjecting mass and size-corrected body mass of males and females to multifactorial analyses of variance with year, treatment, and breeding phase as classifying variables. No factor affected significantly the body mass of males, while all three factors were significant for females (Table 4) . Females were lighter in 1985 than in the other years, although comparisons between means showed no significant differences (Table 5) . Provisioned females were significantly heavier than unprovisioned females (Table 5) . Females were heaviest during L, intermediate during I and B, and lightest during P, N, and F (Table 5 ). The mass of females during N was not affected by either year or treatment (two-way ANOVA: F = 2.10, P > 0.10, n = 27) (Table 6 ). However, year had a nearly significant effect in a one-way ANOVA (F = 3.29, P = 0.055). Females were heaviest in 1986 and lightest in 1987 (Table 6 ). The 1986 season was the most benign with respect to climate, while 1987 was exceptionally cold and wet (Table 7) Females store reserves which they use for laying and as an energy buffer during incubation. This reserve is depleted during the first week after hatching, when females brood the chicks and cooperate with the male in feeding them (Moreno 1987) . After this decrease the scope for further mass declines appears exhausted and mass stabilizes at the prelaying level. Variation exists around the typical pattern. Higher temperatures lead to higher masses in males and incubating females, probably due to improved feeding conditions. Date has a negative influence on female incubation masses. This seasonal effect could be related to the negative trend in clutch size and brood size with laying date (Moreno, unpubl.). As we will argue below, large broods may require larger prehatching reserves than small broods. The negative effect of date on female masses during N could be due to lower prehatching mass levels. The positive effect of date on masses of provisioned males again points out the different strategies of males and females. More interesting is the positive effect of brood size on both male and female masses. Declines in body mass of birds feeding nestlings have been used as evidence for reproductive stress or as a good measure of reproductive costs (Hussell 1972, De Steven 1980, Yom-Tov and Hilborn 1981, Westerterp et al. 1982 , Nur 1984 . If that is so, the present results imply that females raising large broods experience less stress or are subjected to smaller costs than those rearing not normally expect any clutch-size dependent trends in reproductive stress nor in body mass. However, phenotypical differences due to age or some other factor could also be large enough to explain the positive trend.
Food provisioning had no effect on males, while it was associated with larger female masses. However, this effect on females did not show after the posthatching mass loss. All females attained the same mass levels during N. This result indicates that the 14% of body mass lost while brooding is not a symptom of physiological stress. One possible reason for this lack of effect of provisioning is that females could use the extra food to change their resource allocation in favor of their offspring. Incubating females increased their nest attentiveness along with increasing food supplements (Moreno, unpubl.). Later, when the chicks became sufficiently large to consume mealworms (2-3 days), parents began to deliver almost all ofthem to the young (it was impossible to quantify exactly the amounts consumed by adults and delivered to young as the observer had to concentrate on reading the display of the balance). Nonprovisioned females probably experience a similar voluntary reduction in energy intake after hatching of the young. The reserves of the female are in this way indirectly transferred to the young in order to speed up their growth. Greater reserves could mean faster growth. The proportion of incubation mass lost by female wheatears after their chicks hatch is positively correlated with the mass level attained at the end of incubation. Females in good condition at hatching are apparently willing to lose proportionally more mass in order to care properly for their young.
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